Background The Centers for Disease Control and Prevention (CDC) focus on funding HIV prevention interventions likely to have high impact on the HIV epidemic. In its most recent funding announcement to state and local health department grantees, CDC required that health departments allocate the majority of funds to four HIV prevention interventions: HIV testing, prevention with HIV-positives and their partners, condom distribution and policy initiatives. Objective We conducted a systematic review of the published literature to determine the extent of the costeffectiveness evidence for each of those interventions. Methodology We searched for US-based studies published through October 2012. The studies that qualified for inclusion contained original analyses that reported costs per quality-adjusted life-year saved, life-year saved, HIV infection averted, or new HIV diagnosis. For each study, paired reviewers performed a detailed review and data extraction. We reported the number of studies related to each intervention and summarized key cost-effectiveness findings according to intervention type. Costs were converted to 2011 US dollars.
costs [1] . Nonetheless, current incidence at about 50,000 new cases a year is predicted to increase HIV prevalence by 38 % over the next 10 years [2] [3] [4] . In response, the White House, in July 2010, released the National HIV/ AIDS Strategy (NHAS), the first comprehensive plan with clear priorities and goals for HIV prevention efforts, including a 25 % reduction in incidence by 2015 [5] . The Centers for Disease Control and Prevention (CDC) is the major federal funder of HIV prevention interventions through cooperative agreements with state and local health departments. In its most recent 5-year HIV prevention funding announcement to health departments, CDC included language requiring that at least 75 % of funds go to intervention types believed to have high impact on the HIV epidemic [6, 7] .
Cost-effectiveness analyses assess the costs and outcomes of interventions and help inform decisions about resource allocation. The literature on the cost effectiveness of HIV prevention interventions has been growing. In anticipation of future needs, we built a database using a broad search strategy to collect published cost-effectiveness studies related to a comprehensive set of HIV interventions. The purpose of this study is to provide evidence for the cost effectiveness of the interventions recommended under the funding announcement and to highlight where more cost-effectiveness studies may be needed. Therefore, we limited our scope to the four interventions required under the health department funding announcement, including HIV testing, prevention with HIV-positives and their partners, condom distribution and efforts to align policies with optimal HIV prevention, care and treatment [6, 7] . We conducted a systematic review of the published cost-effectiveness evidence pertaining to those interventions and determined the extent of the evidence that supports each one. When possible, we compared costeffectiveness outcomes across the interventions.
Methodology

Literature Search and Acquisition
We conducted a systematic search of six electronic databases, including PubMed, PsycINFO, EMBASE, Cochrane, CINAHL, and EconLit for relevant studies published in English from the earliest date available in each database through October 2012. A broad search strategy was used with appropriate keywords and Medical Subject Heading (MeSH) terms that reflect two categories: (i) cost effectiveness and (ii) HIV prevention. The full electronic search strategy for each database is presented in the electronic supplementary material (ESM 1). In addition, we conducted a manual search by cross-checking references of review articles obtained through the electronic search.
Inclusion/Exclusion Criteria
We first screened all records retrieved from the electronic databases based on abstracts and titles to determine inclusion in the review. Studies were included if they contained original analyses; reported cost-utility (e.g., cost per quality-adjusted life-years saved) or cost-effectiveness outcomes (e.g., cost per life-years saved, cost per HIV infection averted, and cost per new HIV diagnosis); made assessments based on US data; and evaluated one of the four HIV intervention types required by the health department funding announcement: (1) HIV testing, (2) prevention with HIV-positives and their partners, (3) condom distribution and (4) policy initiatives [6, 7] . Policy initiatives were described in the funding announcement as efforts to align structures, policies, and regulations with optimal HIV prevention, care, and treatment and to improve efficiency of HIV prevention efforts. One example was to address structural barriers to routine opt-out testing. Intervention types were further divided into subcategories in the funding announcement. For HIV testing, subcategories were: (1a) routine testing of patients ages 13-64 in healthcare settings, (1b) targeted testing programs in nonhealthcare settings, (1c) routine early HIV screening for all pregnant women, and (1d) screening for other sexually transmitted diseases, hepatitis, and tuberculosis in conjunction with HIV testing. Targeted testing refers to testing based on behavioral, clinical, or demographic characteristics. For prevention with HIV-positives, subcategories were: (2a) linkage to care and treatment, retention in care, (2b) behavioral interventions and other risk-reduction services, (2c) interventions to prevent mother-to-child HIV transmission, and (2d) referral to other medical and social services. The funding announcement included partner services in (2b), the ''behavioral interventions and other riskreduction services'' subcategory. In this review, however, we created a unique subcategory for partner services to facilitate comparisons with other interventions aimed at increasing the number of new HIV diagnoses.
We excluded published abstracts and studies that estimated the hypothetical intervention costs and effects that could result in an intervention being cost effective (i.e., threshold analyses). We also excluded studies related to HIV testing that focused on technologies used for early diagnosis of acute HIV infection, testing programs in healthcare settings targeting patients with HIV risk factors and comparisons of testing technologies because these fell outside of the primary focus of the CDC funding priorities. Additionally, we excluded evaluations of interventions that no longer reflect standard of care, in particular, zidovudine monotherapy for preventing perinatal HIV transmission.
For each eligible article, two reviewers independently extracted detailed information using a pre-specified 29-item abstraction form (see ESM 2) on key aspects of each analysis, sources of data, and cost-effectiveness result. The reviewers discussed any discrepancies in their independent abstractions and reached a consensus. We adjusted costs to 2011 US dollars, using the medical care component of the Consumer Price Index [8] . For studies that did not provide the year of cost calculation, we applied the year of publication.
In our main results, we summarized the cost-effectiveness ratios for each intervention type and subcategory. We reported as many of the four previously described costeffectiveness metrics as were described in each study. We reported the number of studies (n) and the number of costeffectiveness outcomes (k) within each study. When more than one study reported a cost-effectiveness ratio for an intervention, we reported the range of ratios reported. We did not report mean or median of ratios because intervention implemented and methodologies used varied widely even under the same intervention type. We stratified costeffectiveness outcomes by the HIV prevalence (\1 %, 1-5 %, [5 %) of the population receiving the intervention when applicable.
Results
Our comprehensive search yielded 4,633 records. We rejected 4,571 studies based on our inclusion criteria. Sixty-two articles were selected for full text review and upon review we excluded a further 12 (see ESM 3). We identified a total of 50 distinct studies as relevant and thus included them in the primary review (Fig. 1) . We provide detailed information about each study in the electronic supplementary material (see ESM 4 Table) , including individual cost-effectiveness ratios by intervention type, comparator strategy (including none), target population, types of costs included, settings, perspective, and analytic horizon.
The year of publication for the included cost-effectiveness studies ranged from 1991 to 2012, with the majority published after 2000. We classified the 50 distinct studies under the four main intervention types: 33 studies related to HIV testing, 15 studies assessed prevention for HIV-positives, three reported on condom distribution and one reported on policy initiatives. Four studies evaluated multiple interventions or intervention subcategories, so the number of interventions evaluated exceeded the number of publications. The HIV testing studies were further classified as routine HIV screening in healthcare settings (22 of 33) , testing aimed at populations at higher risk of HIV infection in non-healthcare settings (7 of 33), early HIV screening of pregnant women (5 of 33), and screening for other diseases in conjunction with HIV (1 of 33). Under prevention for HIV-positives, the majority of studies evaluated partner services (9 of 15); two studies were identified for behavior interventions and for intervention to prevent mother-to-child HIV transmission; and only one study was identified for linkage to care and for referral to other medical and social services. The study of policy initiatives assessed the cost effectiveness of one law to deregulate access to syringes and one to increase alcohol taxes (Table 1) .
Of the 22 studies related to routine testing in healthcare settings, the most common setting evaluated was emergency departments and urgent care centers (9 studies). Other studies were conducted in hospital or primary care settings, STD clinics, the Veterans Administration, or did not specify the setting. Most of the studies found that it was cost effective (if compared to a US$100,000 per QALY threshold) or cost saving to routinely test for HIV in healthcare settings. Cost effectiveness ranged widely with HIV prevalence and it was more cost effective when the intervention was implemented for the population with a higher prevalence level (ESM 4).
Methods used in the studies to determine outcomes varied. More than two-thirds employed mathematical simulation models to estimate economic and epidemiological outcomes, rather than rely solely on empirical data. Due to the personal mode and relatively low rate of HIV transmission, models are often required for cost-effectiveness evaluation to translate intermediate outcomes relating services rendered, persons reached or condom usage into final outcomes or infections averted. In terms of costs, most studies assessed variable costs only (e.g., labor costs, cost of testing kits); less than 30 % included fixed costs (e.g., overheads, start-up costs). The majority of the studies did not conduct primary cost data collection, but instead estimated costs from other publications (ESM 4). We summarized the individual cost-effectiveness ratios and, when possible, ranges of ratios, across interventions and cost-effectiveness metrics (Table 1 ). Often only one study with one outcome was available for an intervention, and in many other cases, three or fewer studies were available. Studies reporting negative cost-effectiveness values were noted as cost saving. Cost per HIV infection averted was reported for at least one subcategory of each of the four key intervention types. The cost per new HIV diagnosis was reported for three of the four subcategories under HIV testing, as well as for the partner services subcategory. Overall, the outcomes of this metric fell in similar ranges across the subcategories. At the low prevalence level (\1 %), the cost of detecting a new HIV case fell within a smaller range for routine testing in healthcare settings (range = US$2,700-US$13,500, n = 4) than for targeted testing in non-healthcare settings (range = US$4,200-US$31,300, n = 2).
Discussion
Our objective was to identify the extent to which the existing cost-effectiveness literature addressed the four key HIV prevention interventions required in the recent CDC HIV prevention funding announcement to health departments: HIV testing, prevention for HIV-positives, condom distribution, and policy initiatives. Of these prevention interventions, there is a growing body of literature on the cost effectiveness of HIV testing, particularly routine testing in healthcare settings. Forty-four percent (22 out of 50) of the studies included in our review were classified under that subcategory. The majority (14 out of 22) of those studies were published after 2006, following the issuance of CDC's 2006 testing recommendation regarding routine HIV testing for all persons aged 13-64 years in healthcare settings [9] . Nearly one-fifth (9 out of 50) of the cost-effectiveness studies included in our review were classified under the partner services subcategory, with many of those published prior to 2000. Fewer than half of the studies included in our review belonged to the remaining nine intervention subcategories, indicating paucity of cost-effectiveness evaluations related to prevention for HIV-positives, condom distribution, and policy initiatives.
A number of reasons may explain the lack of economic evaluations for some interventions relative to others. Policy initiatives are difficult to evaluate with respect to costs and effectiveness. In regard to the latter, the effects of policy initiatives on changes in HIV transmission and acquisition also are difficult to quantify. The cost of condom distribution may be more readily estimated [10, 11] , but assessing its effects requires detailed knowledge of the size of the associated increases in condom use, as well as of the risk factors among those who began using condoms more often or increased their use. Evaluating the efficacy of behavioral interventions for people living with HIV requires a reliance on self-reported risk behaviors before and after the delivery of an intervention and some studies are limited in follow-up periods to assess the duration of those effects. Assessing the costs of testing, including that associated with partner services, is relatively straightforward, as is documenting the number of new diagnoses associated with testing. The effects of a new diagnosis on enhanced life expectancy and reduced transmission, though more challenging, can be calculated based on empirical data on the likelihood of behavioral risk reduction and receipt of treatment, and the modeling of subsequent disease progression and transmission [12] [13] [14] .
The diversity in methodology, assumptions, and models used to estimate the cost-effectiveness outcomes across studies and interventions makes it difficult to evaluate quality. Therefore, we did not attempt to assess the quality of the methods used to estimate costs or effectiveness. Standardization of model types and input data assumptions for translating intermediate outcomes into final outcomes would be helpful to generate comparable quality and outcomes across studies. In addition, though we reported individual cost-effectiveness ratios and ranges of ratios across similar interventions, these estimates should be interpreted with caution given the heterogeneity in the economic evaluation methods used, the data describing costs and effectiveness, and the populations and settings to which the interventions were applied. As one example, some of the included cost-effectiveness analyses were conducted in medium-or high-prevalence populations and settings, and therefore are not generalizable to low-prevalence settings. Moreover, the value of a certain type of intervention is likely underestimated if it is measured solely based on the number of HIV infections averted. One example is linkage to care and treatment, and interventions to improve retention, in which one of their major goals is to improve the health status and quality of life of infected persons, in addition to preventing new infections. Last, as is the case with all reviews of published studies, our findings may also be subject to publication selection bias.
In spite of the heterogeneity among studies, this descriptive assessment is helpful in supporting policymakers or those charged with HIV resource allocation decisions in several ways. First, it identifies the body of evidence of cost effectiveness for the various interventions considered. And, where lacking, this review encourages decision-makers to seek local data on the costs and outcomes of HIV programs. These data could then be used to map out an evidenced-based HIV intervention portfolio. Funding decisions are typically influenced by a myriad of factors including historical spending, epidemic data, stakeholder pressures and other non-quantifiable factors; with this study, we expect to further inform this decisionmaking process.
Our cost-effectiveness findings include interventions specified in CDC's health department funding announcement for HIV prevention, and do not represent the full costeffectiveness literature on HIV prevention. For instance, there is a growing body of literature on the cost effectiveness of diagnosing acute and early HIV infection [13, 15, 16] . These studies generally support using highly sensitive HIV testing technologies to enable early identification of infection and eliminate onward transmission of acute HIV infection in high-incidence settings. Also not included were studies that evaluated late-stage perinatal testing which is also supported by cost-effectiveness evidence [17] . Additionally, we did not evaluate intervention strategies that have been shown to be promising in recent model-based studies, such as pre-exposure prophylaxis [16, [18] [19] [20] and treatment as prevention [21] [22] [23] .
In summary, our analysis highlights the extent to which the published cost-effectiveness literature supports four key HIV prevention interventions recommended by CDC, and suggests areas where evaluations are limited. With the exception of HIV testing-related interventions, including partner services, where economic evaluations suggest that testing is cost effective in most cases, more cost-effectiveness research is needed to fill the knowledge gaps of interventions related to prevention for HIV-positives, condom distribution, and policy initiatives, in order to help guide the most efficient use of resources.
